In order to address the consequences of global change in mountain regions, an initiative for collaborative research on global change and mountain regions -the Mountain Research Initiative (MRI) -was developed and officially launched in July, 2001 . This initiative formulates and coordinates an integrated, multidisciplinary approach to observing, modeling and investigating global change phenomena and processes in mountain regions, including impacts on ecosystems and socio-economic systems (Fig.  1) . The MRI has been formally endorsed by the International Human Dimensions Programme on Global Environmental Change (IH-DP), Global Terrestrial Observing System (GTOS) and the four core projects of the International Geosphere-Biosphere Programme (IG-BP): PAGES, Global Change and Terrestrial Ecosystems (GCTE), Biospheric Aspects of the Hydrological Cycle (BAHC) and Land-Use and Land-Cover Change (LUCC).
Collaboration with PAGES activities will form an integral part of the overall structure of the MRI program. Understanding the presentday and future status of mountain systems such as glaciers, terrestrial ecosystems, and permafrost requires a detailed knowledge of the natural environmental variability that prevailed prior to anthropogenic forcing. Studies of past environmental change in mountains are extremely important and valuable in this context due to the inherent climatic sensitivity of mountain ecosystems. Further, processes such as climatic forcing and ecosystem dynamics operate and interact on a wide range of time scales, from individual extreme events to century-and millennial-scale variability to glacial cycles. Documenting process dynamics on all of these time scales will require a diversity of methods and archives.
From a scientific point of view, the altitudinal gradients in mountain regions provide unique opportunities to detect and analyze global change processes and phenomena because meteorological, hydrological, cryospheric and ecological conditions change markedly over relatively short distances. Accordingly, biodiversity tends to be high, and characteristic sequences of ecosystems and cryospheric systems are found along mountain slopes. The boundaries between these systems (e.g. ecotones, snowline, glacier boundaries) may experience rapid shifts due to environmental change. The higher parts of many mountain ranges are not affected by direct human activities and may serve as locations where the environmental impacts of climate change alone, including changes in atmospheric chemistry, can be studied. Mountain regions are distributed all over the globe, from the Equator almost to the poles and from oceanic to highly continental climates. This global distribution provides opportunities to carry out comparative regional studies from widely separated parts of the globe and to analyze the regional differentiation of environmental change processes.
The ultimate objectives of the MRI are:
1) To develop a strategy for detecting signals of global environmental change in mountain environments. The emphasis of the first objective is on monitoring change in the biophysical environment, and on understanding the interacting ecological and hydrological processes in mountain regions, both with and without local human interference, along altitudinal and other gradients (e.g. land use). Such work recognizes the unique value of many mountain ecosystems that have been and remain relatively uninfluenced by direct human activities, especially in protected areas such as parks and biosphere reserves. An important aim of this objective is to develop a network of observation sites in mountains to serve as an 'early warning' system for detecting global change impacts.
2) To define the consequences of global environmental change for mountain regions as well as lowland systems dependent on mountain resources (highland-lowland interactions). The emphasis of this objective is to increase our understanding of the consequences of global environmental change for people and ecosystems. Credible impact assessments form the baseline for informing policymakers on issues of global environmental changes at local to global levels. In addition, information from impact assessments has direct application to policies and strategies This is the Chinese character for mountain 5 Program News for resource management that are implemented at local and regional scales.
3) To facilitate sustainable land, water, and resource management for mountain regions. The emphasis of the third objective, initiating sustainable development strategies, is to define a set of potential human responses to global environmental change that can be implemented at local and regional scales. Scientific results developed under this objective will assist policymakers by indicating the extent of degradation of key mountain resources, and by evaluating interactions between alternative resource management strategies and trajectories of change generated by global factors.
To achieve the above objectives, the research under the MRI is structured around four activities, each of which is divided into a small number of specific tasks.
Activity 1: Monitoring and Analysis
This element of the Initiative will focus on mountain-specific indicators of environmental change, which are sensitive to changes in climate, atmospheric chemistry, radiation, and land use/land cover. A set of four mountain-specific indicator groups is considered:
1.1) Cryospheric indicators related to snow conditions, glaciers, permafrost and solifluction processes;
1.2) Terrestrial ecosystems, particularly mountain plant communities and soils;
1.3) Freshwater ecosystems, in particular high mountain streams and lakes; and 1.4) Watershed hydrology, i.e. water balance components of high mountain watersheds/headwater basins.
Contemporary monitoring will be arranged within the context of reconstructions of longer-term past trends and variability. Therefore, it is crucial that new monitoring sites in different mountain regions are located at or near sites where historical and paleorecords can be made available, so that the results from recent observations and research can be related directly to past variability. Paleorecords in general will be used to reconstruct past dynamics of climatic, hydrological and ecological conditions. Most important in this context are: a) paleoecological reconstructions based on pollen, diatom, fossil pigment and macrofossil (including arthropod) profiles from lakes and mires; b) lake studies, via reconstructions of flood related sedimentation layers, shore-line fluctuations and both temperature and salinitylinked biotic variations in the sediment record; c) analysis of cores taken from ice, snow and even permafrost, in particular those providing information on fluctuations in the amount and sources (e.g. using stable isotopes) of past precipitation in mountain regions; d) dating of geomorphic features associated with past climate change (e.g. moraines) and e) tree ring analyses in regions where either moisture availability or temperature was the dominant stress on tree growth.
Activity 2: Integrated modeling
To achieve the overall goals of the initiative, it is necessary to develop a framework that permits the analysis and prediction of hydrological and ecological characteristics and their linkages with land use and climate. Accordingly, this activity is organized around the following:
2.1) Development of coupled ecological, hydrological and land use models for the simulation of land cover and land surface processes in complex mountain landscapes; 2.2) Development of high resolution regional scale atmospheric models for mountain regions; 2.3) Integrated analysis of environmental change in mountain regions by means of fully coupled land-atmosphere models; and 2.4) Regional scale mountain land process experiments complementing modeling efforts.
The modeling activities proposed here require close coordination with the long-term monitoring and process studies conducted under Activities 1 and 3, including reconstructions of past environmental dynamics from paleorecords. The potential for the development of fully coupled land-atmosphere models for mountain regions is particularly exciting. These models could prove very useful for predicting the effects of land use/land cover and climate changes on spatial scales appropriate for the investigation of global change in mountain regions. The predictive utility of these models, however, will only be robust if they are validated with paleoenvironmental records from sensitive terrestrial sites. Mountain regions provide excellent opportunities for the acquisition of such information.
Activity 3: Process Studies
Ecological and hydrological field studies and experiments along altitudinal gradients and at sensitive sites can provide invaluable data on potential responses of mountain ecosystems to anthropogenically induced environmental change. Research themes to be addressed within this Activity include:
3.1) Development of indicators of mountain ecosystem response to environmental forcing factors to facilitate process related interpretation and paleorecords; 3.2) Assessment of runoff generation and flowpath dynamics on steep hillslopes and in headwater catchments; and 3.3) Assessment of the relationship between diversity and ecosystem function.
Paleoarchives will be used to explore system responses to both natural variability and anthropogenic impacts. For example, where suitable lake sediment sequences are available, paleolimnological studies can be used to tie recent experimental and monitoring activities to sediment-based research.
Activity 4: Resources Management
The overall objective of this Initiative is to evaluate and enhance sustainable land, water, and resource management strategies for mountain regions. Three priority areas are suggested for assessment:
4.1) Changes in forest resources, with potential implications for agriculture, rates of erosion and magnitude of floods, and biodiversity; 4.2) Intensification and/or extensification of agriculture (including grazing), with potential implications for food security, rates of erosion and magnitude of floods, and biodiversity; and 4.3) Changes in water resources due to factors such as changing agricultural practices, increasing temporary or permanent population, and increasing energy generation, with implications for downstream water supply, energy availability, flooding, and sediment transfer.
From its inception, the MRI has acknowledged that PAGES activities must play a central role in the overall objectives of the Initiative. Researchers involved with reconstructing past environmental change have long recognized that mountain regions are often ideal locations for the study of past global change processes (Fig. 2) . The other side of the coin is that their sensitivity renders mountain regions particularly vulnerable to the many anticipated changes of the 21 st Century. Understanding this vulnerability is extremely important for humankind considering the large number of people who may be directly and indirectly impacted by changes in mountain regions. Consequently, the development of credible scenarios for the management of mountain environments is an urgent priority. The MRI will contribute not only to the scientific understanding of ongoing processes of change, but will ultimately provide foundations for policies that act to preserve the ability of mountain regions to provide the goods and services on which humanity has come to depend. 
